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GISAbstract A study of the land cover change and the CO2 stock in the Palembang City, Indonesia
was conducted by using remote sensing and GIS data and processed by the LUMENS software.
The study has successfully compared the land transformation during period of 1989–2000 and
2000–2013. It reveals that the settlement area increased much faster during 2000–2013 compared
to that of 1989–2000 with the former raised to 4368 ha and the latter to about 2531 ha. During
2000–2013, a rapid development of the Palembang City after hosting the National Olympic Games
in 2004 has a significant impact on the land cover change mainly from the plantation area into the
settlement area. In addition, the rate of CO2 emission per unit-area during the 2000–2013 periods is
also higher than that of the 1989–2000 period by about 0.3 ton CO2eq per ha in a year due to the
increase of transformation of plantation into settlement.
 2016NationalAuthority forRemote Sensing and Space Sciences. Production and hosting byElsevier B.V.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-
nd/4.0/).1. Introduction
Palembang City is the capital city of the South Sumatra Pro-
vince, Indonesia. It is the second largest city in the Sumatra
Island. The city is located between 10436038.47900E, 1045105
0.75300E and 25204.15900S, 35026.53400S with an area of about
400.61 km2 (Putra et al., 2011). The location of the study area
is shown in Fig. 1.
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has only two seasons, namely: the rainy and dry seasons. The
hydrology of the Palembang is characterized by the Musi
River that divides the Palembang City into two major areas;
the Palembang Ulu (upstream) and the Palembang Ilir (down-
stream). Note that the Musi River is one of the biggest rivers in
Indonesia. In addition, most of the Palembang area is low
land. Therefore, flood is a major problem of the Palembang
City during the rainy season. This requires an integrated man-
agement of the city to avoid those impacts in the future devel-
opment plans.
The research is designed to provide the detailed information
about the land cover change in the Palembang City that can be
used for the management and future development plan of the
city. We approach the goal through two research objectives:Figure 1 The map of the study areaa. To assess what extent the land cover change is seen in
the Palembang City, in particular for period from 1989
to 2000 and from 2000 to 2013.
b. Quantity of CO2 emission is determined during two time
periods: 1989–2000, and 2000–2013.
c. Evaluation of how the land cover change (e.g. vegetation
change) influences the CO2 emission change.
Based on the research of Ministry of Forestry of the
Republic Indonesia, the component of ‘‘land cover” in Palem-
bang City includes secondary forest, grassland, open area
(bare soil), water body, plantation, settlement, shrub and
swamp.
The study of using remote sensing technique to monitor
land use changes which plays a vital role in urban development, the Palembang City, Indonesia.
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been widely used around the world. Since the first land sat
launch in 1972, the application of remote sensing data in the
research activity and land resource management has been fos-
tered. The change of urban land in a lot of cities has been stud-
ied to provide the information for sustainable management.
The study of land cover change in New Delhi from 1992 to
2004, for example, has used data from Landsat Thematic Map-
per and IRS – P6 LISS III (Bijender and Joginder, 2014). The
method for New Delhi land cover classification was visual clas-
sification and ground truthing. The authors used visual classi-
fication for land cover type interpretation of Delhi city. It is
claimed that the visual classification of various classes has been
improved with ground truthing which gave a better map for
land cover in the study area. In another study, Singh and
Dubey (2012) have shown that land use and land cover change
using an unsupervised classification is simpler than that using a
supervised classification. They suggested that the unsupervised
classification automatically generates information by the ISO-
DATA algorithm, with the help of visual interpretation and
standard interpretation such as tone or color, shape, size, tex-
ture, shadow, pattern site or aspect, and various associated
features. The study of land cover change with the use of visual
interpretation, however, is limited when the remote sensing
imagery contains haze or noise. Therefore, imageries from
Indian Remote Sensing Satellite (IRS) were visually and digi-
tally interpreted by using the image interpretation elements
(Sreenivasulu et al., 2013).
In this study, the carbon stock was estimated using
LUMENS (Land Use planning for Multiple ENvironmental
Services) software based on the database of land use change.
According to World Agroforestry (2014), this organization
has developed a methodological tool, namely Land-use Plan-
ning for Low-emissions Development Strategies (LUWES)
and this approach has established concepts and applications
for emissions development from the land based sectors. As a
result, the software Abatement Cost Curve Generator for
REDD (ABACUS) has been developed to estimate the CO2
emission, which is able to predict future emissions and simu-
late the reduction scenarios. The upgradation of ABACUS
has been known as LUMENS which contains four modules,
namely: (1) PUR – Planning Unit Reconciliation, (2) QUES
– Quantification of Environmental Services, (3) TA – Trade-
off Analysis, and (4) SCIENDO – Scenario Simulation and
Development. This study was used pre-QUES and QUES-C
that are two sub-modules for land use change analysis and car-
bon accounting respectively. The advantage of LUMENS is an
open source and every analysis provides full information about
land cover change. Several projects from the World Agro-
forestry Center were using LUMENS for the land planning
purpose and the carbon stock in Indonesia. This study, there-
fore, analyzes land cover change and carbon stock in Palem-
bang City and becomes a very first contribution for the
development of the new version of LUMENS in the near
future.
2. Data and methods
In order to obtain good quality imageries from satellites, three
imageries from Land Sat 5 TM, 7 SLC on and 8 OLI (Path
124/Row 062) were chosen in this study. In addition the CO2storage per hectare for each land cover type is needed to esti-
mate the carbon stock in the city.
The use of visual classification was applied to create first
land cover map. Firstly, the polygon boundary of the Palem-
bang City was overlaid on the satellite imagery. Secondly, each
land cover type was drawn on the polygon based on the differ-
ence in the satellite imagery from color, texture, pattern, tone,
shape, etc. Thirdly, the first map verified the defined land cover
from satellite imagery with the real condition – ground truth-
ing verification. The verification of land cover was based on
GPS data from ground truthing and Google earth truthing.
The combination of both truthing methods significantly
increased the accuracy of land cover map in the Palembang
City. Lastly, the GPS points were also uploaded to Google
earth to seek the change in land cover in 1989, 2000 and
2013. In addition, the reduction of confusion between open
area and grassland in land sat imagery was clearer when we
used Google earth truthing.
The land cover changes were analyzed automatically by
using the open source software LUMENS 0.1. This software
is also able to create the CO2 emission change from the land
cover change in Palembang City. The CO2 emission for each
land cover type was applied to estimate the increase of CO2
release due to land cover change. Basically, the carbon stock
of the each land cover in the study area was estimated by
Rapid Carbon Stock Appraisal (RaCSA) method. The method
consisted of 6 steps. The first is to understand the local ecolog-
ical knowledge which identifies the trends and drivers of land
use and land cover change. In the second step, the results are
later to be combined with public/policy ecological knowledge
and scientific/modeling ecological knowledge to produce sev-
eral alternative classifications and the lookup table of land
use, land cover and land use system. Thirdly, the lookup tables
in the step 2 will be used for listing locations of suggested sam-
ple plots. The fourth is in the field in which the above ground
biomass and underground biomass are measured. In the fifth
step of RaCSA, the number of GPS points was collected in
each location for each zonation and land cover map. And
the last step is to visualize or express the data of all land cover
changes. In terms of carbon stock, this study inherited the zone
table, zone map and the carbon stock per unit area of the tar-
geted area from the World Agroforestry (Hairiah et al., 2010).
And with the help of LUMENS, the maps of land cover
change in each year were input with these data in order to ana-
lyze the carbon emission in the study area.3. Results
3.1. Land cover change
During the last 24 years, the land cover of the Palembang City
has changed significantly which is demonstrated in Table 1a.
The rate of change in the open area is the highest with
0.0842 ha per year. There was a significant decrease in the
plantation area in which 5069 ha were lost during the last
24 years. In addition, 3128 ha of the swamp area were also lost
during this period. On the other hand, the settlement area was
significantly increased with the total expansion of 6899 ha dur-
ing the last 24 years. The shrub area was also expanded up to
1032 ha during this time period.
Table 1 (a) The statistics of the land cover change during 1989–2013 and (b) the matrix of the land cover change during 1989–2013.
No. Land cover type 1989 (ha) 2013 (ha) Overall change (ha) Rate
(a)
1 Swamp 7830 4702 3128 0.0167
2 Plantation 20,503 15,434 5069 0.0103
3 Grassland 139 155 16 0.0048
4 Water body 1709 1860 151 0.0037
5 Settlement 5498 12,397 6899 0.0523
6 Shrub 962 1994 1032 0.0447
7 Secondary forest 32 36 4 0.0052
8 Open area 47 142 95 0.0842
Land cover type Grassland Open area Plantation Secondary Forest Settlement Shrub Swamp Water body
(b)
Grass land 113 0 0 0 25 1 0 0
Open area 0 1 42 0 2 0 2 0
Plantation 13 121 12,589 6 5332 1422 900 120
Secondary forest 0 0 0 28 2 2 0 0
Settlement 27 0 141 1 5024 224 75 6
Shrub 2 0 55 1 752 143 9 0
Swamp 0 20 2599 0 1256 201 3711 43
Water body 0 0 8 0 4 1 5 1691
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bang City is shown in Table 1b. It is clearly shown that the
expansion of the settlement area is mainly from the conversion
of plantation area, which accounts for about 77% of the total
increase in the settlement area (5332 ha). Another source for
the settlement area is from the swamp area, in which about
1256 ha of the swamp were converted into the settlement area.
In addition, it also appears that up to 1422 ha of the plantation
area was converted into the shrub area.
The spatial map of the land cover change in the Palembang
City during 1989–2013 is presented in Fig. 2a. It is shown that
the changes mainly occurred around the Musi River where the
settlement of the Palembang City was mostly concentrated.
Within this area, it appears that the transformation of land
cover into the settlement was mainly from the plantation area.
In order to evaluate the time variation of the land cover
change in the Palembang City, we divided the analysis into
two time periods, which are the period of 1989–2000 and that
of 2000–2013. The first period represents the slow development
of the settlement area, while the second period covers the rapid
development of the settlement area after the National Olympic
Games in 2004.
The land cover transformation during the first time period
of 1989–2000 is presented in Table 2a. It is shown that the area
of swamp and plantation are on the decrease the most. The
total areas of decline for the plantation and swamp are
2303 ha and 1519 ha, respectively. The rate of loss of the plan-
tation and swamp area is about 0.0102 ha and 0.0177 ha per
year, respectively. In contrast, the settlement and shrub area
are largely increased with the total area of expansion of
2531 ha and 1003 ha, respectively. The rate of increase of the
settlement area is about 0.0419 ha per year, while that of the
shrub area is about 0.0948 ha per year.
The detailed transformation of the land cover in the Palem-
bang City during 1989–2000 is shown in the Table 2b. It is
clearly shown that the expansion of the settlement area ismainly from the conversion of plantation area (2181 ha). In
addition, it also appears that up to 1110 ha of the plantation
area was converted into the shrub area.
The spatial map of the land cover change in the Palembang
City during 1989–2000 is presented in Fig. 2b. The transforma-
tion of land cover during this period was not clearly shown.
However, some areas in the catchment area of the Musi River
indicated a transformation from the plantation to the settle-
ment. Some areas also show a transformation from the planta-
tion into the grassland and the open areas.
On the other hand, the statistics of the land cover change in
the Palembang City during the period of 2000–2013 shows that
the areas with the most significant decrease are the swamp and
plantation areas, with the total decrease of 1607 ha and
2766 ha, respectively (Table 3a).
The alarming fact in this time period is the decrease of the
secondary forest. About 10 ha of the secondary forest were lost
during 2000–2013, with the rate of decrease of about 0.0167 ha
per year. Furthermore, the declining trend was also observed
in the grassland area with the total decrease of 7 ha. On the
other hand, only the settlement area shows a significant exten-
sion, with the total expansion of 4368 ha. The rate of increase
of the settlement area is roughly about 0.0419 ha per year.
The matrix of the land cover change during the period of
2000–2013 is shown in Table 3b. It is shown that most of the
extension of the settlement area was mostly coming from the
plantation area with the total area of conversion of 3260 ha.
It is also found that 1251 ha of the shrub area and 649 ha of
the swamp area were also transformed into the settlement area.
The spatial map of the land cover change during the period
of 2000–2013 reveals that there were broader expansions of the
settlement area toward the outer area of the Musi river’s catch-
ment area (Fig. 2c). The rapid development of the settlement
area during the period of 2000–2013 compared to that of
1989–2000 indicates a development of the urban area in the
Palembang City.
Figure 2 (a)–(c) The land cover change map in three periods of 1989–2013, 1989–2000 and 2000–2013 respectively. The color represents
the change in each type of land cover in the Palembang City.
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Fig. 2 (continued)
Table 2 (a) The statistics of the land cover change during 1989–2000 and (b) the matrix of the land cover change during 1989–2000.
No. Land cover type 1989 (ha) 2000 (ha) Overall change (ha) Rate
(a)
1 Swamp 7830 6311 1519 0.0177
2 Plantation 20,503 18,200 2303 0.0102
3 Grassland 139 162 23 0.0150
4 Water body 1709 1806 97 0.0052
5 Settlement 5498 8029 2531 0.0419
6 Shrub 962 1965 1003 0.0948
7 Secondary forest 32 46 14 0.0398
8 Open area 47 129 82 0.1586
Land cover type Grassland Open area Plantation Secondary Forest Settlement Shrub Swamp Water body
(b)
Grassland 119 0 0 0 20 0 0 0
Open area 0 1 45 0 1 0 0 0
Plantation 3 106 15,934 14 2181 1110 1080 19
Secondary forest 0 0 1 31 0 0 0 0
Settlement 29 0 352 1 4758 243 101 6
Shrub 8 0 50 0 504 398 1 1
Swamp 2 22 1813 0 550 213 5113 92
Water body 1 0 4 0 13 1 12 1673
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The CO2 emission from the land cover change data in last
24 year is presented in the Table 4a. The emission rate per-unit area is 1.446 ton CO2eq per ha in a year. With the total
area of 36,719 ha, this is equivalent to the emission rate of
53,095 ton CO2eq per year. Note that the total area of carbon
emission statistic in three time periods is different because
Table 4 (a) Statistics of the CO2 emission during 1989–2013,
(b) 1989–2000 and (c) 2000–2013 respectively.
No. Category Summary
(a)
1 Period 1989–
2013
2 Total area 36,719
3 Total emission (Ton CO2eq) 1,463,125
4 Total sequestration (Ton CO2eq) 188844.6
5 Net emission (Ton CO2eq) 1,274,280
6 Emission rate (Ton CO2eq/yr) 53,095
7 Emission rate per-unit area (Ton CO2eq/
ha yr)
1.446
(b)
1 Period 1989–2000
2 Total area 36,719
3 Total emission (Ton CO2eq) 752879.6
4 Total sequestration (Ton CO2eq) 244790.6
5 Net emission (Ton CO2eq) 508,089
6 Emission rate (Ton CO2/yr) 46189.91
7 Emission rate per-unit area (Ton CO2eq/ha yr) 1.258
(c)
1 Period 2000–2013
2 Total area 36,625
3 Total emission (Ton CO2eq) 1022179.924
4 Total sequestration (Ton CO2eq) 260715.956
5 Net emission (Ton CO2eq) 761463.968
6 Emission rate (Ton CO2/yr) 58574.151
7 Emission rate per-unit area (Ton CO2eq/ha yr) 1.599
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the uncertainties when we use LUMENS for a carbon stock
analysis.
The spatial map of the CO2 emission in the Palembang City
during 1989–2013 is shown in the Fig. 3a. It is shown clearly
that the emitted area is concentrated in the Bukit Besar area
(circle in Fig. 3a). These areas are the swamp area, which were
transformed into the settlement area.
In order to evaluate the time variation of the CO2 emission
in the Palembang City, we have designed two scenarios for two
time periods, which are the period of 1989–2000 and that of
2000–2013. By comparison between two time periods, we can
estimate the CO2 emission due to the rapid development of
the settlement area during the period of 2000–2013 compared
to that of 1989–2000. This analysis may indicate the contribu-
tion to greenhouse gases from a development of the urban area
in the Palembang City.
The CO2 emission of the Palembang City in the first time
period shows that the emission rate in this time period is
46,189.91 ton CO2eq per year. In addition, the emission rate
per unit area is 1.258 ton CO2eq per ha in a year. This rate
is smaller than that of the total time period of 1989–2013.
Detailed CO2 emission in the Palembang City for a period of
1989–2000 is presented in Table 4b.
The spatial map of the CO2 emission in the Palembang City
during 1989–2000 is shown in the Fig. 3b. As shown for the
whole period analysis, the CO2 emission during 1989–2000
was also concentrated in the Bukit Besar. However, the
amount of CO2 emission is smaller.
The CO2 emission of the Palembang City during 2000–2013
is presented in the Table 4c. The Table shows that the rate of
emission per-unit area is 1.599 ton per ha in a year. Noted that
the rate is higher than that of 1998–2000 by about 0.3 ton CO2-
eq per ha in a year. This indicates that during 2000–2013, the
rapid development of the settlement area caused the higher
CO2 emission in the Palembang City. In addition, this is alsoTable 3 (a) The statistics of the land cover change during 2000–201
No. Land cover type 2000 (ha)
(a)
1 Swamp 6311
2 Plantation 18,200
3 Grassland 162
4 Water body 1808
5 Settlement 8029
6 Shrub 1965
7 Secondary forest 46
8 Open area 129
Land cover type Grassland Open area Plantation Secon
(b)
Grass land 117 0 0 0
Open area 0 2 127 0
Plantation 10 93 12,780 2
Secondary forest 0 0 0 34
Settlement 22 16 422 0
Shrub 5 0 202 0
Swamp 0 30 1801 0
Water body 1 0 50 0the consequence of losing secondary forest which is about
10 ha in whole period.
The spatial map of the CO2 emission in the Palembang City
during 2000–2013 is shown in the Fig. 3c. This map shows the
wider distribution of CO2 emission compared to that of 1989–3 and (b) the matrix of the land cover change during 2000–2013.
2013 (ha) Overall change (ha) Rate
4702 1609 0.0196
15,434 2766 0.0117
155 7 0.0033
1860 52 0.0022
12,397 4368 0.0419
1994 29 0.0011
36 10 0.0167
142 13 0.0078
dary Forest Settlement Shrub Swamp Water body
35 10 0 0
0 0 0 0
3260 1118 857 79
2 10 0 0
7165 292 86 24
1251 452 50 5
649 106 3664 57
8 2 40 1690
Figure 3 (a)–(c) The carbon emission map in three periods of
1989–2013, 1989–2000 and 2000–2013 respectively. The low to
high emission area is presented in color from white to red in the
map. The red circles are the zones that emitted carbon dioxide the
most in the relevant period of time.
320 D.T. Nguyen et al.2000 in the Palembang City due to the rapid development of
settlement area. The area which emitted CO2 the most was
the place of secondary forest loss (circle in Fig. 3c).4. Discussion
The verification of land cover was based on GPS data from
ground truthing and Google earth truthing. The combination
of both truthing methods significantly increased the accuracy
of land cover map in the Palembang City. In addition, the
reduction of confusion between open area and grassland in
land sat imagery was clearer when we used Google earth truth-
ing. However there is still a need of accuracy calculation which
should be done in the future study of this area.
The accuracy of CO2 emission is replied on the land cover
change data and the carbon stock in each land cover which are
the inputs of LUMENS. Therefore, in the future in order to
decrease the uncertainty in these data, it is necessary to apply
correction measurement.
The advantages of the study were to create an overall pic-
ture of land use/land cover trend in the Palembang City.
One on hand, the sharp increase of the settlement and on the
other hand, the strong fall of plantation has directly increased
the CO2 emission consecutively in last 2 decades. Therefore,
this would help the government in management plan to meet
the commitment of CO2 emission mitigation plan.5. Conclusion
This study evaluates the land cover change and carbon stock
study in the Palembang City, Indonesia. It reveals that the
study with the help of remote sensing and GIS can provide
very useful information about the land cover change in a local
as well as a regional scale. The study showed that during 1989,
2000, and 2013, the land cover in the Palembang City is dom-
inated by plantation which is approximately about 55.8%,
49.6% and 42.0% of the total area, respectively. However,
the plantation and swamp areas in the Palembang City are
on the decline. The study of land cover reveals that the exten-
sion of settlement area in the Palembang City was mainly from
the plantation and swamp areas.
In addition, the study also estimated the carbon emission
associated with the change of land cover. Since the plantation
and swamp area in the city played a very important role in CO2
storage for the ecosystem, the extensive conversion of these
two areas into the settlement area, in particular after 2000,
led to a significant increase of CO2 emission in the Palembang
City.
The study of land cover change and carbon emission would
help decision makers to build urban development strategy for
sustainability. A sustainable city will strongly contribute to
regional sustainable development. Rapid population growth
is one of major challenge in controlling the land cover and land
used change, in particular in the urban area. Meanwhile, deci-
sion makers need comprehensive information as well as a pow-
erful tool to build a sustainable urban development strategy.
In this study, carbon emission and land cover change are well
integrated with the application of LUMENS. We noted that
Land cover change and the CO2 stock in thePalembang City, Indonesia 321this tool is much helpful for developing the action plan in
order to mitigate the greenhouse gas emission at the district
and provincial level. Therefore, we would suggest the stake-
holders at the district and province level to use this application
for sustainable development goals.Conflict of interest
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